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Summary  Never  ending  demand  for  efﬁcient  and  less  polluting  engines  have  always  inspired
newer technologies.  Extensive  study  has  been  done  on  variable  compression  ratio,  a  promising
in-cylinder  technology,  in  the  recent  past.  The  present  work  is  an  experimental  investigation
to examine  the  variation  of  different  parameters  such  as  brake  thermal  efﬁciency,  exhaust  gas
temperature  and  emissions  with  respect  to  change  in  compression  ratio  in  a  single-cylinder
carbureted  SI  engine  at  different  loads  with  two  different  fuels.  Experiments  were  conducted
at three  different  compression  ratios  (CR  =  7:1,  8.5:1  and  10:1).  The  fuels  used  in  this  study  are
pure gasoline  and  20%  n-butanol  blend  (B20)  in  gasoline.  The  results  showed  that  brake  thermal
efﬁciency increases  with  CR  at  all  loads.  Further,  the  experimental  results  showed  the  scope  of
improving the  part-load  efﬁciency  of  SI  engine  by  adopting  the  concept  of  variable  compression
ratio (VCR)  technology,  especially  when  fuels  with  better  anti-knock  characteristics  are  used.
The uncertainty  analysis  of  the  experiments  based  on  the  speciﬁcations  of  the  equipment  used
is also  tabulated.
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Fig.  1  Schematic  diagram  of  the  experimental  set-up.
Table  1  Measurements  and  uncertainty  in  the  results.
Accuracy  of
measurement
Engine  speed  ±2  rpm
Temperature  ±1 ◦C
Time  ±0.5%
NO  ±10%  of  indicated  value
CO  ±5%  of  indicated  value
HC  ±10%  of  indicated  value
Fluctuations  in
reading
Engine  speed  ±20  rpm
Uncertainty  of Speciﬁc  fuel ±2%
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C  engines  research  and  development  activities  primarily
pin  around  the  judicious  use  of  fuels  and  minimization
f  noxious  emissions.  Several  technological  advancements
ncluding  the  introduction  of  biofuels  have  been  proposed
n  the  recent  past.  Indeed,  it  is  interesting  note  that  some
f  these  novel  techniques  could  actually  help  in  utilizing  the
dvantages  of  petrol  and  diesel  engines,  thereby  improves
ts  efﬁciency  as  well  as  emissions.
Variable  compression  ratio  (VCR)  engine  is  relatively  a
ew  concept,  which  is  still  in  its  nascent  phase.  In  the  past,
everal  methods  have  been  proposed  to  accommodate  the
oncept  of  VCR  in  engines  (Drangel  et  al.,  2002;  Klein  et  al.,
002).  Some  of  them  concentrated  on  changing  the  cylin-
er  head  and  piston  geometries,  and  a  few  others  varied
he  arrangement  of  the  crankshaft  and  connecting  rod  of
he  cylinder.  Some  of  the  methods  in  the  literature  include
oveable  cylinder  block  (Clarke  and  Tabaczynsky,  2000;
ong  et  al.,  1998),  use  of  eccentric  bearings  for  crankshaft
nd  connecting  rod  and  use  of  adjustable  lever  rod  between
rankshaft  and  connecting  rod  (Riley,  1994;  Brevick,  1998;
apan  and  Rapan,  2000;  Gooijer,  2013;  Roberts,  2003;  Moteki
t  al.,  2003a,b;  Takahashi  et  al.,  2005;  Hiyoshi  et  al.,  2006;
eroff,  2005;  Meyer  and  Frank  Van,  2007).
Besides  the  efﬁciency,  emissions  of  an  engine  are  also  an
mportant  parameter  as  it  directly  affects  the  environment.
he  primary  constituents  of  the  exhaust  gas  from  an  engine
re  unburnt  hydrocarbons  and  oxides  of  carbon  and  nitro-
en,  which  can  be  controlled  by  varying  the  engine  operating
onditions.  In  the  past,  researchers  have  tried  to  establish
he  relationship  between  engine  emission  and  its  operating
onditions  such  as  load,  power  and  torque  output  (Robert
osch,  2014).  Apart  from  these  characteristic  parameters,  it
as  found  that  the  use  of  alternate  fuels  with  better  octane
ating  would  improve  the  efﬁciency  and  emissions.  It  was
eported  that  lower  carbon  content,  better  blending  capa-
ility  and  anti-knock  characteristics  of  alcohols  make  it  a
iable  alternative  fuel  for  SI  engines  (Farkade  and  Pathre,
012;  C¸elik  et  al.,  2011).
In  the  literature,  a  lot  has  been  discussed  on  the  effect  of
ariable  compression  ratio  and  use  of  alternate  fuels  for  CI
ngines  but  a  comprehensive  study  of  the  same  on  SI  engines
eems  to  be  lacking  (Costa  and  Sodré,  2011;  Al-baghdadi,
004;  Yucesu  et  al.,  2006;  Ozcan  and  Yamin,  2008;  Javaheri
t  al.,  2014;  Kemal  and  Sayin,  2014;  Mehdi  et  al.,  2000).
ence,  in  the  present  work,  a  single-cylinder  variable  com-
ression  ratio  SI  engine  was  tested  with  pure  gasoline  and
 20%  blend  of  n-butanol  in  gasoline  and  its  performance
arameters  were  compared  at  different  engine  loads.
xperimental set-up and methodology
he  test  engine  used  was  movable  cylinder  block  variable
ompression  ratio  and  multi-fuel  660  cc  engine  with  a  maxi-
um  power  of  5HP,  coupled  with  eddy  current  dynamometer
nd  data  acquisition  system,  as  shown  in  Fig.  1.  The  engine
missions  were  measured  using  pre-calibrated  AVL  Digas
44,  which  analyzes  ﬁve  gases  at  a  time.
After  the  initial  warm-up  at  zero-load,  the  engine  speed
as  maintained  at  1500  rpm  and  the  load  was  gradually
h
t
i
Fcalculated  values consumption
Power ±1.5%
ncremented  to  full-load.  The  performance  parameters
brake  thermal  efﬁciency,  speciﬁc  fuel  consumption,  brake
ower  and  exhaust  gas  temperature)  were  measured  at
teady  operating  conditions  for  different  loads.  The  engine
as  tested  with  pure  gasoline  for  three  different  CRs
7:1,  8.5:1  and  10:1).  Subsequently,  the  same  performance
arameters  were  evaluated  for  20%  blend  of  n-butanol  (B20)
n  gasoline  for  the  above  CRs.  Repeatability  and  repro-
ucibility  of  the  results  were  ensured  and  the  uncertainty
nalysis  is  given  in  Table  1.
esults and discussion
s  mentioned  above,  the  main  objective  of  this  study  was  to
nalyze  the  engine  performance  parameters,  namely  brake
hermal  efﬁciency,  exhaust  gas  temperature  and  emissions.
rake  thermal  efﬁciency
he  results  shown  in  Fig.  2a  indicated  that  the  brake  thermal
fﬁciency  improves  at  higher  compression  ratios,  partic-
larly  at  part-loads.  This  can  be  attributed  to  the  larger
olume  expansion  ratio  associated  with  the  higher  com-
ression  ratios  thus  improving  expansion  work  output.  Also,
he  combustion  efﬁciency  improves  at  higher  temperatures
nd  pressures  attained  at  higher  compression  ratios.  At
igh  temperatures,  the  rate  of  formation  of  CO2 increases,
hus  releasing  more  energy  for  the  fuel  combusted.  Much
mproved  results  were  obtained  with  B20  blend  (see
ig.  2a),  as  it  has  better  octane  rating  and  resulted  in  clean
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Fig.  2  (a)  Brake  thermal  efﬁciency  and  (b)  exhaust  gas  temperature  at  different  loads  for  different  CRs.
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combustion.  Therefore,  it  can  be  concluded  that  fuels  with
better  anti-knock  characteristics  will  improve  the  thermal
efﬁciency  of  the  engine  at  higher  compression  ratios.
Exhaust  gas  temperature
At  higher  compression  ratios,  reduced  exhaust  gas  temper-
atures  were  observed,  as  shown  in  Fig.  2b.  This  can  be
attributed  to  better  heat  to  work  conversion,  which  in  turn
due  to  effective  combustion.  The  supply  of  lean  mixture
at  part-load  conditions  resulted  in  drop  in  the  exhaust  gas
temperature.  Higher  in-cylinder  temperatures  and  pressures
along  with  the  supply  of  rich  mixture  at  higher  loads  resulted
in  increased  exhaust  gas  temperature.
EmissionsThe  supply  of  rich  mixture  at  higher  loads  limits  the  oxy-
gen  content,  which  affects  the  complete  combustion  of  the
fuel.  This  is  the  primary  reason  for  increased  HC  and  CO
emissions,  as  shown  in  Fig.  3b  and  c.  Even  though  higher
C
A
pnt  HC,  (c)  emission  of  CO,  for  different  CRs.
ylinder  temperatures  are  noticed  at  higher  compression
atios,  reduced  exhaust  gas  temperature  seems  to  have
ore  effect  on  emission  of  unburnt  hydrocarbons  because  of
educed  after-burning.  Operating  the  engine  at  higher  com-
ression  ratios  has  led  to  decreased  CO  emission  because
f  its  further  oxidation.  The  use  of  B20  blend  has  shown
educed  CO  emission  at  higher  loads  as  well  as  higher  com-
ression  ratios.  This  can  be  attributed  to  improved  oxygen
ontent  in  the  fuel.  As  far  as  NOx emissions  are  concerned,
igher  the  cylinder  temperature  at  the  time  of  combustion,
igher  the  chances  of  formation  of  series  of  nitrogen  oxides.
ue  to  this,  the  engine  when  operated  at  higher  compres-
ion  ratio,  NO  emission  tends  to  increase  and  is  shown  in
ig.  3a.  This  can  be  rectiﬁed  by  effective  utilization  of  the
xhaust  gas  recirculation  and  other  NOx emission  reduction
echniques.onclusions
 judicious  application  of  the  concept  of  variable  com-
ression  ratio  (VCR)  at  different  loading  conditions  is  a
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iable  alternative  for  better  engine  performance  as  well
s  emission  characteristics.  The  present  experimental  study
as  shown  that  the  use  of  alcoholic  fuels  like  n-butanol  has
ndeed  improved  the  engine  performance  at  higher  compres-
ion  ratios.  The  effect  of  blending  percentages  of  such  fuels
an  be  further  studied  for  SI  engines.  Proper  emission  con-
rol  systems  can  be  designed  for  higher  compression  ratios
o  keep  the  unburnt  HC  and  NO  in  check.
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